The present study was to evaluate whether short-term exposures (3 h) to high concentrations of heavy metals may induce blood cells in Coruh trout (Salmo coruhensis). It was investigated that copper and lead have effects on haematocrit, serum glutamic oxaloacetic transaminase (SGOT), serum glutamic and pyruvic transaminase (SGPT), total protein, blood cell numbers and erythrocyte morphology of S. coruhensis exposed to two copper and lead concentrations for 3 h. Copper and lead concentrations tested in the experiments were 5 and 10 mg Cu/L; 5 and 10 mg Pb/L, respectively. Blood was sampled immediately after the end of exposures and then 24, 48 and 72 h later post exposures. Treatments were not inducing micronuclei in the erythrocyte nuclei.
INTRODUCTION
Water pollution has become a global problem. Heavy metals have long been recognized as serious pollutants of the aquatic environment. They can enter a water body by industrial and consumer waste or even from acidic rain, thereby breaking down soils and releasing heavy metals into streams, lakes, rivers and ground waters (Obasohan et al., 2008) .
Although, trace metals are essential for normal physiological processes, abnormally, high concentrations can be toxic to aquatic organisms. Due to the insidious nature of metal bio concentration, it would be too late to apply preventive measures to reduce the pollution effects by the time the chronic effects become visible (Wepener et al., 2001) . Living organisms require varying amounts of some heavy metals for their metabolic function, for instance; copper (Cu) is an essential trace nutrient for plants and animals. In humans, it helps in the production of blood hemoglobin, the oxygen carrying compound in red blood cells (Heath, 1995) . Copper can be both good Corresponding author. E mail: rserezli@gmail.com
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SGOT, serum glutamic oxaloacetic transaminase; SGPT, serum glutamic pyruvic transaminase, TP, total protein; RBCL, red blood cell length; RBCW, red blood cell width; NucL, nucleus length; NucW, nucleus width. and bad for living organisms. It is necessary for life at very low concentrations. But, when the concentration increases, it becomes toxic and interferes with cell metabolism and also, it is very toxic to fungi and algae (Hall et al., 1997; Kjoss et al., 2005) . Unlike copper, lead (Pb) is not necessary for the biological functions of animals, even at low concentration. It is being discharged to aquatic systems, mainly from petroleum, chemistry, dye and mining industries, which has toxic effects and can cause mortality to aquatic animals (Sorensen, 1991; Heath, 1995; Ciftci-Soydemir et al., 2008) .
The natural concentration of lead in surface water has been estimated at 0.02 µg l -1 and it rarely exceeds a few micrograms/L (Martinez et al., 2004) . High levels of heavy metals cause environmental pollution, especially in water body. Water pollution with heavy metals, affects various physiological processes in fish, including blood cells. In fish, toxic substances taken up from the water enter the blood and therefore, blood cells are among the first targets of toxicity, immediately after the gill epithetlium. Therefore, the effects of waterborne heavy metals on fish are related to their uptake from gills, resulting in interfere with blood circulating system and also blood cells (Vosyliene, 1999; Martinez et al., 2004) .
Fish erythrocyte morphology is one of the most sensitive indicators of toxic impact of various environmental factors on fish. A significant number of data on the changes of hematological indices of salmonid fish, influence various environmental factors such as chemicals or heavy metals as well (Heath 1995; Wepener et al., 2001; Zeni et al., 2002; Jezierska et al., 2009 ). Many fish species are susceptible to the deleterious effects of heavy metals, as reflected in the blood changes, including anemia, eosinophilia, lymphocytosis, alterations in erythrocyte morphology and branchial and renal lesions (Gill and Pant, 1987) .
However, information on the adverse effects of Cu and Pb on Coruh trout (Salmo coruhensis, described by Turan et al., 2009) which is the new culture species in Black Sea region of Turkey, is very scarce. This study was performed for hematological changes and erythrocyte-metric parameters of coruh trout, which were exposed to 5 and 10 mg/l Cu +2 (CuSO 4 .5H 2 O) and Pb
+2
as Pb (NO 3 ) 2 for 3 h.
MATERIALS AND METHODS

Experimental fish
Two years old coruh trout (mean: 108.4±1.96 g) were obtained from the commercial trout farm in Macka, Trabzon, Turkey. They were held in a 100 L tank (20 fish per tank), with continuously aerated and flow-through well water (T= 13°C, pH= 7.1, hardness= 25 mg/l as CaCO3), with a 10 /14 h light/dark cycle. Fish were adapted to the experimental condition for 30 days prior to experiments and they were fed ad libitum with pellet feed three times a day before the experiment, except during and on the day preceding the experiments.
Experimental design
Three hundred Coruh trout was used in this study. They were subjected to 3 h immersion in heavy metal solutions (5 and 10 mg/l Pb as Pb (NO3)2, 5 and 10 mg l -1 Cu as (CuSO4 5H2O)). Control fish were subjected to similar manipulations as the experimental ones. All experiments were performed in triplicate groups. Fish were anaesthetized with benzocaine and blood was sampled from fish by caudal cutting, immediately after the end of exposures (Cont0, Cu5.0, Cu10.0, Pb5.0, Pb10.0) and after 24 (Cont1, Cu5.1, Cu10.1, Pb5.1, Pb10.1) and 48 h (Cont2, Cu5.2, Cu10.2, Pb5.2, Pb10.2). Five fish were captured from each sample. Blood smears were prepared and fixed immediately, according to the standard treatment procedure (Blaxhall and Daisley, 1973) and were stained by Giemsa-May Grunwald stain in laboratory conditions. The long and short red blood cells (RBC) and their nuclei axis's were measured under the light microscope with immersion oil (×1000 magnification) in µm (30 cells per fish, 5 fish per group), with micrometric ocular and Leica (ICC 50) camera system. On the other hand, erythrocyte and leukocyte number were counted by Thoma chamber. Hematocrit (Hct) values were determined by blood centrifugation (5 min, 5000 g) in glass capillaries using a microhematocrit centrifuge. The blood haemoglobin concentration was measured with a spectrophotometer at 550 nm using a cyanomethemoglobin method as described by Smith and Hatting (1980) . Blood samples were then centrifuged (10 min, 5.000 g) and plasma samples were taken and stored frozen (-20°C) until chemical analyses. All samples were analyzed in duplicate. Total protein (TP), serum glutamic oxaloacetic transaminase (SGOT) and serum glutamic pyruvic transaminase (SGPT) were determined with auto- Serezli et al. 3205 analyzer.
The results were expressed as mean values ± SE for each group; then data were tested for statistical significance by a oneway analysis of variation (ANOVA). Duncan's multiple comparison tests were used to assess significant differences between samplings. Differences were considered statistically significant at the 0.05 probability level.
RESULTS
Effects of Cu and Pb on hematological parameters on Coruh trout was investigated in this study at concentration of 5 and 10 mg/l.
Effect of Cu and Pb on erythrocyte and leukocyte numbers
Erythrocyte and leukocyte numbers are summarized in Table 1 . In the control group, general erythrocyte number was estimated as 498.631±26.051 cells/ml. In the Cu treatment groups, after exposure to copper, the erythrocyte numbers were suppressed at 5 and 10 mg/l Cu 2+ and 48 h later the erythrocyte numbers increased to normal level. Unlike Cu treatments, in the Pb treatment groups, the erythrocyte numbers increased and 48 h later, suddenly decreased to very low levels (Table 1) . Leukocyte numbers estimated about 20x10 3 cells/ml in controls, but in the experimental groups, except in the 10 mg l -1 Pb group, this number increased about 30 x10 3 cells ml -1 and in the 10 mg/l Pb group, the leukocyte number decreased 15x10 3 cells/ml (Table 1) .
Effect of Cu and Pb on haemoglobin and haematocrit
Although, haematocrit value was determined as 45.7% in the control group, it was elevated in the copper groups but on the contrary, has no changed in the lead groups (Table 1) . Hemoglobin value was determined as 4.8 g/dl in the control group, while copper groups were determined to be statistically different from the control group. Hemoglobin values of fish exposed to lead were higher than the control, although, this difference is not statistically significant (p > 0.05).
Effect of Cu and Pb on TP, SGOT and SGPT
In this study, the total protein (TP) values in copper groups when compared with the control group were a little high, but this difference was not statistically significant. On the other hand, TP values of lead groups were similar to the control.
In addition, except for Cu 10 group, there were no differences in SGOT values between the groups statistically. The Cu 10 group were seen lower than other groups and this was found to have statistical significance. When compared with the control group, there were no significant differences between the groups in SGPT values statistically (p > 0.05).
Effect of Cu and Pb on erythrocyte size and shape
Normal mature erythrocytes shape of coruh trout are oval with smooth acidophilic cytoplasm and centrally located oval nucleus showed almost homogenous chromatin. Erythrocyte morphology parameters are summarized in Table 2 and Figure 1 . Except the control group, copper and lead groups erythrocyte shape was round and had less small nucleus (Figure 2 ). But, no nucleus deformity and micro nuclei were observed.
DISCUSSION
Coruh trout is more sensitive to Cu treatment than Pb at the same concentration. Although, there was no death in the Pb groups, fish death were observed in Cu groups at a concentration of 10 mg/l when the fish were exposed for over two hour. For this reason, 10 mg/l treatment was studied for 90 min. There was no death observed in the control and other groups. Water quality, particularly hardness of water is important for heavy metals' toxic effects on organisms. Increased water hardness reduces lead toxicity to fish due to a significant inorganic complication process that controls lead availability to fish (Martinez et al., 2004) . Pickering and Henderson (1966) showed that in soft water (20 mg CaCO 3 /L), the 96 h LC 50 for Pimephales promelas and Lepomis macrochirus was 5.6 and 23.8 mg Pb/L, whereas, in hard water (360 mg CaCO 3 /L) 96 h-LC 50 was 482 and 442 mg Pb/L, respectively. The shortterm lethality test conducted in this study yielded 96 h-LC 50 of 95 mg Pb/L for juveniles of Prochilodus lineatus in water of 82 mg/l hardness (CaCO 3 ). Regarding the impact of lead on the hematological profile of coruh trout, polycythemias accompanied by elevated hemoglobin level and heamotocrit value were observed. Similar findings were observed for different fish by McKim et al. (1970) , Hilmy et al. (1979) , Taylor et al. (1985) and Zaki et al. (2008) .
In this study, water hardness was determined as 25mg/l as CaCO 3 . Over 5 mg dose of copper applications with short duration exposures causes death and blood cells hemolysis. Therefore, problems were experienced in 10 mg. 10 mg/L dose of copper resulted in hemolysis was found to cause fish mortality. However, higher doses of lead applications with short duration can be tested safely. Although, there were some deteriorations of erythrocyte morphology, no functional impairment and micronucleus were seen in fish exposed to heavy metals.
In conclusion, the blood based biochemical and hematological parameters measured responded to relatively high copper and lead concentrations. The results of the present study showed that, heavy metals induce morphological changes in coruh trout blood cells. Particularly, erythrocyte anomalies seem to be a good indicator of intoxicants.
